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Biarylmonophosphine ligands are components of some of the most active catalytic systems for the formation of C(aryl)-N bonds (Figure 1 ). 1 We recently disclosed a new class of palladium precatalysts based upon biarylmonophosphines that is easily activated and ensures the formation of the active mono-ligated Pd(0) complex. 2, 3 Activation of these precatalysts is achieved by deprotonation of the amine complex, followed by the reductive elimination of a molecule of indoline (Scheme 1). These precatalysts are particularly useful in situations where reactions must be conducted under mild conditions that normally preclude the efficient generation of Pd(0), or where it is necessary to generate the active Pd(0) species in the absence of potentially inhibitory ligands such as dba 4 or PPh 3 . 2, 5, 6 Dimethylaniline is a common subunit of biologically active organic compounds. 7 In light of the ubiquity of Ar-NMe 2 groups in the substructure of biologically interesting molecules, we were surprised that there was no general process available for the Pd-catalyzed C-N bond-forming cross-coupling reaction between dimethylamine and an aryl halide. 8 Herein, we report efficient, general, and experimentally simple procedures to effect the crosscoupling of aryl chlorides and dimethylamine using the recently reported precatalysts. One procedure employs the t-BuXPhos-derived precatalyst (6) and a strong base at room temperature. The second procedure employs the XPhos version of the precatalyst (7) and a weak base at 110 °C.
Using precatalysts derived from biarylphosphines 1-5, we attempted the direct crosscoupling reaction of dimethylamine and 4-chloroanisole. In these reactions, a 2 M solution of dimethylamine in THF was employed in combination with a 1 M solution of LHMDS in THF at room temperature. As shown in Table 1 , the t-BuXPhos precatalyst (6) was most active, with complete conversion of 4-chloroanisole observed in less than 20 minutes. The XPhos and RuPhos precatalysts (7 and 10, respectively) can also be successfully employed under these conditions, although reaction times in excess of 5 h are required to achieve complete conversion to product.
Based upon our success in using precatalyst 6 to effect the cross-coupling of dimethylamine and 4-chloroanisole, we employed it in cross-coupling reactions of dimethylamine and a variety of aryl and heteroaryl chlorides. Using 1 mol % Pd, we found that the cross-coupling reactions proceed efficiently with deactivated aryl chlorides (entry 1), ortho-substituted aryl chlorides (entry 4), as well as a variety of heteroaryl chlorides (entries 3, 5-7). All of these reactions were complete in less than 2 hours at room temperature. The solutions of dimethylamine and LHMDS used in these reactions are commercially available and were used as received (See Supporting Information).
Because LHMDS is not compatible with substrates bearing base-sensitive functional groups, we also investigated conditions for the arylation of dimethylamine that would permit the use of a weak base. Although the t-BuXPhos precatalyst (6) created the most efficient catalytic system at room temperature, we found that the XPhos precatalyst (7) afforded the optimal catalytic system with weak bases at elevated temperatures. Using 2 mol % 7 with K 3 PO 4 • H 2 O, cross-coupling reactions of aryl chlorides and dimethylamine were performed efficiently at 110 °C (Table 3) . We found that the use of rigorously anhydrous conditions leads to drastically diminished yields. Employing K 3 PO 4 •H 2 O is required to obtain consistent yields. Under these conditions, potentially base-sensitive functional groups can be tolerated (entries 4 and 6). Additionally, dimethylamine can be successfully cross-coupled to deactivated aryl and heteroaryl chlorides (entries 1 and 5, respectively) using the combination of a weak base and an elevated temperature. Although no problems were observed during the course of these reactions, a blast shield should be employed as an additional precaution when conducting these sealed, high temperature reactions.
In summary, we have developed simple procedures for the efficient cross-coupling reaction of dimethylamine and aryl and heteroaryl chlorides. Separate methods have been developed that use a strong base at room temperature and a weak base at an elevated temperature. These procedures constitute the first general methods to form dimethylanilines via the crosscoupling reaction of aryl halides and dimethylamine. Commercially available reagents were exclusively used in these reactions. Additionally, palladacyclic precatalysts were employed as sources of highly active, mono-ligated Pd(0). 3 Such palladacycles are easily activated and permit the formation of Pd(0) complexes in the absence of potentially inhibitory ligands such as dba and PPh 3 .
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